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A b s tr a c t --- One of the most significant features of diagnostic
echocardiographic images is to reduce speckle noise and make
better image quality. In this paper we proposed a simple and
effective filter design for image denoising and contrast
enhancement based on multiscale wavelet denoising method.
Wavelet threshold algorithms replace wavelet coefficients with
small magnitude by zero and keep or shrink the other
coefficients. This is basically a local procedure, since wavelet
coefficients characterize the local regularity of a function. After
we estimate distribution of noise within echocardiographic
image, then apply to fitness Wavelet threshold algorithm.
A common way of the estimating the speckle noise level in
coherent imaging is to calculate the mean-to-standard-deviation
ratio of the pixel intensity, often termed the Equivalent Number
of Looks(ENL), over a uniform image area. Unfortunately, we
found this measure not very robust mainly because of the
difficulty to identify a uniform area in a real image. For this
reason, we will only use here the S/MSE ratio and which
corresponds to the standard SNR in case of additivie noise.
 We have simulated some echocardiographic images by
specialized hardware for real-time application;processing of a
512*512 images takes about 1 min.
Our experiments show that the optimal threshold level depends
on the spectral content of the image. High spectral content
tends to over-estimate the noise standard deviation estimation
performed at the finest level of the DWT. As a result, a lower
threshold parameter is required to get the optimal S/MSE. The
standard WCS theory predicts a threshold that depends on the
number of signal samples only.

I. IN T R O D U C T IO N

  In  m a n y  d iffe r e n t  f ie lds, d ig it iz e d  im a g e s  a r e
r e p la c in g  c o n v e n tio n a l  a n a lo g  im a g e s  a s
p h o to g ra p h  o r  x - ra y s .  E s p e c ia l ly  m e d ic a l im a g e
p r o c e s s in g  is  v e r y  i m p o r ta n t  f o r  m e d ic a l f ie ld .
D e v e lo p m e n ts  in  m e d ic a l im a g in g  o v e r  th e  p a s t
d e c a d e  h a v e  p r o d u c e d  g r e a t a d v a n c e s  in  th e
fle x ib ili ty  a n d  d ia g n o s tic  u t i l i ty  o f  v a rio u s
m o d a li t ie s . A s  im a g in g  te c h n o lo g y  a d v a n c e s ,  m o re
a p p lic a tio n s  in  c l in ic a l  a n d  r e s e a r c h  s e t t in g s  a r e
p ro p o s e .

U ltra s o u n d  fo r  m e d ic a l  im a g e  is  a  c o m m o n ly
u s e d  m o d a li ty  fo r  c a rd ia c  im a g in g  s in c e  i t  is

n o n in v a siv e  a n d  r e a l- t im e  a n d  r e la t iv e ly
in e x p e n s iv e  m e th o d  w id e ly  u s e d  f o r  im a g in g  s o ft
tis s u e .  H o w e v e r,  i ts  in h e re n tly  p o o r  im a g e  q u a li ty
h a s  c o n s is te n tly  h a m p e re d  a t te m p ts  to  a u to m a tic a lly
e v a lu a te  th e  c a rd ia c  fu n c tio n  th ro u g h  s p a tia l
a n a ly s is  o f  th e  le ft  v e n tr ic u la r  e n d o c a rd ia l  a n d
e p ic a rd ia l b o u n d a r ie s  in  tw o  d im e n s io n a l
e c h o c a r d io g r a p h ic  im a g e s . T h e  d e v e lo p m e n t o f  a
n o is e  r e d u c tio n  f i l ter in g  fo r  e c h o c a rd io g ra p h ic
im a g e s  is  v e ry  im p o r ta n t  f o r  th e  a c c u ra te  d e t e c tio n
o f b o th  h e a rt  b o u n d a ry  a n d  m o v e m e n t o f  h e a r t
v a lv e s .  C o m p a re d  to  o th e r  m e d ic a l im a g in g
m e th o d s , u l tra s o u n d  s u ffe r s  fro m  lo w e r  s ig n a l  to
n o is e  ra tio s ,  s ig n a l d ro p o u t,  lo w e r  c o n tr a s t , v a ria b le
in te n s ity  o f  s tr u c tu r e s  a n d  s h a d o w in g  o f  s tr u c tu r e s .
A ls o  E c h o c a rd io g ra p h ic  im a g e s  h a v e  a  h ig h  n o is e
c o n te n t  a n d  s u ffe r  fr o m  p o o r  c o n tr a st . T h e r e f o r e , in
th e  c a s e  o f  e c h o c a r d io g r a p h ic  im a g e s ,  th e  e d g e
d e te c tio n  o p e ra tio n  c a n  r e s u lt  in  a  v e r y  a m b ig u o u s
e d g e  m a p , c o n ta in in g  s p u r io u s  e d g e  p o in ts , m is s in g
e d g e  p o in ts , a n d  g e n u in e  e d g e  p o in ts  w h ic h  a r e  n o t
p a rt  o f  c a r d ia c b o r d e r s . F u r th e r m o r e ,  th e  ta rg e t
b o r d e r s  c a n  h a v e  c o m p le x  a n d  h ig h ly  v a r ia b le
s h a p e s .  E x tr a c tin g  th e  c a r d ia c  b o r d e r s  fro m  th e
e d g e  m a p  c a n  th e r e f o r e  b e  e x tr e m e ly  d iff ic u lt .
  O n e  a p p r o a c h  s o lv in g  th e s e  p r o b le m s  is  to  b a s e
w a v e le t  tr a n s fo r m  o n  t im e - fr e q u e n c y  d o m a in
fi l ter in g .  A c tu a lly  w a v e le t  tr a n s fo r m  m e th o d s  a r e
m u ltir e s o lu tio n  r e p re s e n ta t io n s  o f  s ig n a l  a n d  im a g e s .
T h e y  d e c o m p o s e  s ig n a ls  a n d  im a g e s  in to  m u lt is c a le
d e ta i ls .  T h e  b a sis  fu n c tio n s  u s e d  in  w a v e le t
tra n s fo r m s  a r e  lo c a lly  s u p p o r te d . S h a rp  tra n s it io n s
in  im a g e s  a r e  p r e s e r v e d  a n d  d e p ic te d  e x tr e m e ly
w e ll  in  w a v e le t  e x p a n s io n s .  T h is  s p e c ia l tr e a tm e n t
o f e d g e s  b y  w a v e le t  tr a n s fo r m s  is  v e ry  a t tra c tiv e  in
im a g e  fi l te rin g .  A ls o  th e  W a v e le t  t ra n s fo r m
p ro v id e d  a n  a lte rn a tiv e  to  th e  c la ss ic a l S h o r t-Ti m e
F o u r ie r  Tra n s f o r m  o r  G a b o r  Tra n s f o r m . T h e  s e lf-
a d ju s t in g  w in d o w  s tru c tu r e  o f  th e  W a v e le t
tra n s fo r m  r e s u lts  in  a  t im e - s ca le  r e p re s e n ta t io n  th a t
d is p la y s  th e  g r o w th  o f  th e  s p e c tra l c o m p o n e n ts  o f
th e  s ig n a l  w ith  v a ry in g  r e s o lu tio n s .  T h e  te c h n iq u e
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w a s  u ti l iz e d  fo r  th e  d e te c tio n  a n d  s p e c tr a l  a n a ly s is
o f  m e d ic a l im a g e  w ith  a m o u n t o f  n o is e .
  In this paper w e  d e s c r ib e  s im p le  a n d  e ff e c tiv e
te c h n iq u e s  f o r  im a g e  d e n o is in g  a n d  c o n tr a s t
e n h a n c e m e n t b a s e d  o n  th e  m u lt is c a le  wavelet edge
r e p r e s e n ta t io n  o f  im a g e s .

II. WAV E L E T  M E T H O D S

  M o r le t la id  th e  fo u n d a tio n s  fo r  w a v e le t  s ig n a l
p r o c e s s in g .  T h e  th e o r y  w a s s u b s e q u e n tly  d e v e lo p e d
b y  M e y e r, D a u b e c h ie s ,  M a lla t a n d  o th e r s . T h e
c o n c e p ts  p a ra lle l  th o s e  o f  m u lt ir e s o lu tio n  s ig n a l
p r o c e s s in g .
  T h e  m a in  d iff e r e n c e  b e tw e e n  w a v e le ts  a n d
tra d it i o n a l h a r m o n ic  a n a ly s is  b a s e d  o n  th e  F o u r ie r
tra n s fo r m  (F T ) is  th a t  th e  la t te r  is  a  d e c o m p o s it io n
o f th e  s ig n a l o n to  c o m p le x  s in u s o id a l b a sis
fu n c tio n s ,  w h ic h  a r e  lo c a liz e d  in  th e  t im e  d o m a in .
T h u s  a n y  c h a n g e  to  a n  e x p a n s io n  c o e ffic i e n t  w il l
m a n ife s t  i ts e lf  a s  a  g lo b a l e ff e c t  o n  th e  s ig n a l o n c e
th e  in v e r s e  tra n s f o r m  is  p e r fo r m e d . T h is  e ffe c t  c a n
b e  o v e r c o m e  b y  e m p lo y in g  th e  s h o r t t im e  F o u r ie r
tra n s fo r m  (S T F T ) , w h ic h  f ir s t c o n v o lv e  th e  s ig n a l
w ith  a  w in d o w  fu n c tio n  w ( t)  s o  th a t o n ly  a  p o r t io n
o f th e  s ig n a l is  s e le c te d  fo r  a n a ly s is . T h is  a c h ie v e s  a
u n ifo r m  r e s o lu tio n  o f  th e  a n a ly s is  th ro u g h o u t th e
tim e - fr e q u e n c y  p la n e .  T h e  c o n tin u o u s  S T F T  is
g iv e n  b y

  
  In  c o n tra s t,  a  w a v e le t  t ra n s f o r m  is  p e r fo r m e d
u s in g  a  sin g le  fu n c tio n  h ( t) , w h ic h  is  lo c a liz e d  b o th
in  t im e  a n d  fr e q u e n c y.  T h is  f u n c tio n  c a n  b e  th o u g h t
o f a s  a  b a n d - p a s s f i l ter.  F in e  te m p o ra l a n a ly s is  is
d o n e  w ith  c o n tra c te d  ( h ig h  fr e q u e n c y )  v e r s io n s  o f
th e  w a v e le t ,  w h ile  f i n e  fr e q u e n c y  a n a ly s is  u s e s
d ila te d  v e r s io n s  o f  th e  w a v e le t .  T h is  a c h ie v e s  a
c o n s ta n t  r e la t iv e  b a n d w id th  fo r  th e  f i l ter s . T h e
c o n tin u o u s  w a v e le t  tra n s fo r m  is  g iv e n  b y

  T h e  m u lt ir e s o u lt io n  w a v e le t  m o d e l is  a p p lie d
w h ic h  s h o w s  th a t  th e  d iffe r e n c e  o f  b o u n d a ry
in f o r m a tio n  b e tw e e n  tw o  s u c c e s s iv e  r e s o lu tio n s  c a n
b e  c o m p u te d  b y  d e c o m p o s in g  th e  s ig n a l in  a
w a v e le t  o r th o n o r m a l b a sis . T h is  c o n c e p t o f
m u ltr e s o lu tio n  w h ic h  g iv e s  d iff e r e n t  in f o r m a tio n  o f
a n  im a g e  a t  tw o  d iffe r e n t  r e s o lu tio n s  is  p a r t ic u la rly

u s e f u l  to  te x tu r e  d is c r im in a tio n  in  m e d ic a l  im a g in g .
T h e  m a in  a d v a n ta g e s  o f  w a v e le t  p ro c e s s in g  a r e  th e
b a s is  fu n c tio n s  p r o v id e  lo c a liz a tio n  in  b o th  t im e  a n d
fr e q u e n c y  d o m a in s , fa s t d is c r e te  w a v e le t  tr a n s f o r m
a lg o r i th m s  a r e  a v a ila b le ,  i t  n a tu ra l ly  le a d s  to  m u lt i-
r es o lu tio n  a n a ly s is  a n d  w a v e le t  f i l ter s  fo r  s p e c if ic
a p p lic a tio n  c a n  b e  d e s ig n e d .  T h e  d is a d v a n ta g e s  a r e
th e  d is c r e te  w a v e le t  tra n s fo r m  is  n o t  tra n s la t io n
in v a r ie n t .  T h e  a b ili ty  o r  n e e d  to  s e le c t  w a v e le t  b a sis
fu n c tio n s  fo r  s p e c if ic  a p p lic a tio n s  c a n  b e  s e e n  a s  a
d is a d v a n ta g e  w h e n  c o m p a re d  to  th e  F o u r ie r
tra n s f o r m , w h ic h  u s e s  th e  s a m e  b a sis  fu n c tio n s  fo r
a l l a p p lic a tio n s .

    III.  S P E C K L E  N O IS E  R E M O VA L
  
  T h e  p h y s ic a l p r in c ip le  o f  u l tra s o u n d  is  th e
e m is s io n  a n d  r e c e p tio n  o f  h ig h  fr e q u e n c y  ( h ig h
s p e e d )  s o u n d  w a v e s .  A s  u ltra s o n ic  w a v e s  tra v e l
th ro u g h  t iss u e  th e y  r e fle c t  a t  th o s e  b o u n d a rie s
w h e r e  t is s u e  d e n s ity  c h a n g e s .  T h e  e n e rg y  o f  th e
r e fle c te d  w a v e  is  p ro p o r t io n a l  to  t h e  d iffe r e n c e s  in
th e  s o u n d  im p e d a n c e  o f  t is s u e  ty p e s .
  A  m a jo r  d is a d v a n ta g e  w ith  u ltra s o u n d  im a g in g  is
th e  p r e s e n c e  o f  n o is e ,  w h ic h  p e r tu r b s fe a tu r e
lo c a tio n  a n d  c r ea te s  a r t ifa c ts .  M e th o d s  a r e  n e e d e d
to  s u p p re s s  th is  n o is e  w ith o u t in tro d u c in g  a d d it io n a l
a rt ifa c ts  o r  lo s in g  im a g e  fe a tu r e s . U ltr a s o u n d
im a g e s  a n d  v o lu m e s  c o n ta in  s p e c k le  p a tte r n s ,  w h ic h
a re th e  r e s u lt  o f  in te r fe r e n c e  b e tw e e n  m u lt i p le
in d e p e n d e n t s ca tte rin g  b e a m s  a n d  th e  m a in
re fle c te d  s ig n a l . T h is  s p e c k le  is  c h a ra c te ris t ic  o f
m a n y  c o h e r e n t  r a d ia t io n  im a g in g  m e th o d s  in c lu d in g
u ltra s o u n d , in fra r e d  a n d  la s e r  im a g in g  a n d  s y n th e tic
a p e r tu r e  ra d a r  ( S A R ) . I ts  p r o p e r t ie s  h a v e  b e e n
s tu d ie d  e x te n s iv e ly.
  A  n u m b e r  o f  m e th o d s  e x is t  fo r  th e  r e m o v a l o f
s p e c k le .  A d a p tiv e  lo w -p a s s  f i lte r in g , a d a p tiv e
m e d ia n  f i l te r in g ,  C r im m in s ’ g e o m e tr ic  f i l te r  a n d
o th e r s  m a n a g e  to  r e m o v e  s u b s ta n tia l  a m o u n ts  o f
s p e c k le ,  b u t  a ls o  te n d  to  o v e r  s m o o th  fe a tu r e s .
P re v io u s ly,  m e d ia n  f i l te r s  a n d  o th e r  f il te r s  h a v e
b e e n  a p p lie d  to  n o is y  d a ta , b u t  th is  a p p ro a c h
p ro v id e s  n o  m e a n s  fo r  d e te c tin g  n o is e  o r  f i l ter in g
lo c a lly.  H e re,  a n  a lg o r ith m  is  in tro d u c e d  th a t  u s e s
w a v e le t  b a s e d  m u lt ir e s o lu tio n  a n a ly s is  to  m o r e
e ffe c tiv e ly  r e m o v e  n o is e  fro m  im a g e  d a ta .  T h e  t im e
a n d  fr e q u e n c y  lo c a liz a tio n  p r o p e r t ie s  o f  w a v e le ts
o fte n  a l lo w  n o is e  d e te c tio n  in  w a v e le t  b a n d s  w h e re
th e  s ig n a l  e n e rg y  is  s m a ll , e s p e c ia l ly  w h e n  n o is e  is
w id e b a n d  a n d  s h o r t  d u ra tio n  a s  im p u ls iv e  s p ik e s .
T h e s e  p r o p e r tie s  a ls o  a l lo w  g r e a te r  p r e s e r v a tio n  o f
th e  d e s ir e d  s ig n a l  s in c e  th e  d a ta  ca n  b e  p r o c e s s e d
lo c a lly  in  t im e  a n d  fr e q u e n c y  u s in g  w a v e le ts .
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D o n o h o  a n d  J o h n s to n e  h a v e  d e v e lo p e d  a  “ w a v e le t
s h r in k a g e ”  a lg o r i th m  th a t u s e s  s o ft  th r e s h o ld in g  in
fin e  r e s o lu tio n  w a v e le t  b a n d s  to  e l im in a te  G a u s s ia n
n o is e .  T h e  s o ft  th r e s h o ld in g  te c h n iq u e  s e ts  to  z e ro
s m a ll  w a v e le t  c o e ffi c ie n ts  c o r r e s p o n d in g  to
G a u s s ia n  n o is e  w h ile  r e ta in in g  th e  la rg e r
c o e ffi c ie n ts  c o r r e s p o n d in g  to  s ig n a l  fe a tu r e s . T h e
b a s ic  id e a  is  th a t  i f th e  s ig n a l  c o m p o n e n t is  in  fa c t
z ero ,  th e n  w ith  h ig h  p r o b a b il i ty  th e  c o m b in a tio n  o f
z ero  s ig n a l  p lu s  n o is e  s h o u ld  n o t  e x c e e d  th e
th r e s h o ld  le v e l . G iv e n  th e  w a v e le t  c o e ffic ie n ts  f o r
e a c h  s c a le  le v e l ,  th e  n o is y  c o e ffic ie n ts  c a n  b e
id e n tif ie d  u s in g  a  v a rie ty  o f  c r i ter ia . T h a t  is  a  p r io r i
k n o w le d g e  a b o u t th e  n o is e ,  v is u a l  in s p e c tio n ,
a p p lic a tio n  o f  th r e s h o ld  c r ite r io n ,  o r  s ta t ist ic a l
d e te c tio n .  In  s im p le s t  c a s e , th e  n o is e  is  is o la te d  in
fr e q u e n c y. I n  th is  c a s e ,  w h ile  th e  n o is e  c o u ld  b e
e lim in a te d  th ro u g h  d ir e c t  a p p lic a tio n  o f  a n
a p p r o p r ia te  f i l te r  to  th e  n o is y  s e g m e n t o f  d a ta , th e
fi l ter  d e s ig n  p a ra m e te r s  a n d  th e  t im e  p e r io d  o v e r
w h ic h  to  a p p ly  th e  f i l te r  c a n  b e  v e ry  d iff ic u lt  to
d e te r m in e  fro m  th e  u n p r o c e s s e d  d a ta .  T h e  n o is e  is
o fte n  m u c h  e a sie r  to  id e n tify  in  th e  w a v e le t  b a n d s ,
h o w e v e r, a n d ,  h a v in g  p e r f o r m e d  n o is e  d e te c tio n
u s in g  w a v e le ts , n o is e  s u p p re s s io n  is  a c h i e v e d
s im p ly  b y  c h a n g in g  to  z e ro  th e  v a lu e s  o f  t h e  n o is y
w a v e le t  c o e ffic ie n ts  a n d  r e c o n s tru c tin g ,  th e r e b y
e lim in a tin g  th e  n e e d  fo r  f i l ter  d e s ig n  p a ra m e te r s .

T h e  w a v e le t  tra n s fo r m  d o m a in  n o is e  f i l ter a tio n
te c h n iq u e  w e  a r e  d e v e lo p in g  is  b a s e d  o n  th e  fa c t
th a t s h a rp  e d g e s  h a v e  la rg e  s ig n a l  o v e r  m a n y
w a v e le t  s c a le s ,  a n d  n o is e  d ie s  o u t  s w ift l y  w ith
in c re a s in g  s c a le .  O u r a p p ro a c h  to  f i l ter in g  n o is e
fro m  e c h o c a r d io g r a p ic  im a g e s  r e l ie s  o n  th e
v a ria t io n s  in  s c a le  o f  th e  w a v e le t  tr a n s f o r m  d a ta  o f
th e  s ig n a l , b u t  r a th e r  th a n  d e t e c tin g  e d g e s  d ir e c tly
o n  th e  w a v e le t  tra n s fo r m  d a ta  w ith  a  c o m p lic a te d
a lg o r i th m . A ls o  w e  u s e  th e  d ir e c t  m u lt ip l ic a t io n  o f
w a v e le t  tr a n s fo r m  d a ta  a t a d ja c e n t  s ca le s  to
d is t in g u is h  im p o r ta n t  e d g e s  fro m  n o is e  a n d
a c c o m p lis h  th e  ta s k  o f  r e m o v in g  n o is e  fro m  s ig n a ls .

A t f irs t  w e  a p p ly  m e d ia n  f i l te r in g  to
e c h o c a rd io g ra p h ic  im a g e . A  m e d ia n  f i l te r  o p e ra t io n
o n  a n  im a g e  r e m o v e s  lo n g  ta ile d  n o is e  s u c h  a s
n e g a tiv e  e x p o n e n tia l  a n d  sa l t a n d  p e p p e r ty p e  n o is e
fro m  im a g e  w ith  a  m in i m u m  b lu rr in g  o f  t h e  im a g e .
T h e  m e d ia n  f i l te r  is  d e fin e d  a s  th e  m e d ia n  o f  a ll
p ix e ls  w ith in  a  lo c a l r e g io n  o f  a n  im a g e . T h e
m e d ia n  f i l te r  p e r fo r m s  m u c h  b e tte r  th a n  th e
a ri th m e tic  m e a n  fi l ter  in  r e m o v in g  s a l t  a n d  p e p p e r
n o is e  fro m  a n  im a g e  a n d  in  p r e s e r v in g  th e  s p a tia l
d e ta i ls  c o n ta in e d  w ith in  t h e  im a g e .  T h is  m e th o d  is
p a rt ic u la r ly  e ffe c tiv e  w h e n  th e  n o is e  p a ttern
c o n s is ts  o f  s tr o n g ,  s p ik e lik e  c o m p o n e n ts  a n d  th e
c h a ra c te r is t ic  to  b e  p r e s e r v e d  is  e d g e  s h a r p n e s s .

    IV.  E X PE R IM E N TA L  R E S U LT S

  W e  a c q u ir e d  d a ta  u s in g  tra n s d u c e r  a t  m e d ic a l
u ltra s o u n d  in s tru m e n t a n d  r e c o rd  th o s e  d a ta . A ls o
im a g e  d a ta  d ig it iz e d  u s in g  fra m e g ra b b e r.  (F ig u re .1 )   

  F ig u r e  1 . S y s te m  B lo c k  d ia g ra m  a c q u ir in g
I m a g e s

C o m p a re d  to  p ro p o s e d  f i l te r,  w e  a p p ly  W ie n e r
fi l tra t io n  to  sa m e  im a g e .  T h e  W ie n e r f i l te r,  a ls o
K n o w n  a s th e  L e a s t  M e a n  S q u a re f i l te r,  is  g iv e n  b y
th e  fo llo w in g  e x p re s s io n ;

H (u ,v )  is  th e  d e g r a d a tio n  fu n c tio n ( *  i n d ic a te s
c o m p le x  c o n ju g a te )  a n d  G (u ,v )  is  th e  d e g ra d e d
i m a g e .  T h e  f u n c tio n s  S f( u , v )  a n d  S n ( u ,v )  a r e  th e
p o w e r  s p e c tra  o f  th e  o r ig in a l  im a g e  (p r io r  to
d e g r a d a tio n ) a n d  th e  n o is e . T h e  w ie n e r  f il te r
a s s u m e s  th e  n o is e  a n d  p o w e r  s p e c tra  o f  th e  o b je c t  a
p r io r i.  A t v e ry  lo w  S N R , th e  w ie n e r f i l te r  te n d s  to
c lo s e  i ts  h ig h - fr e q u e n c y  p a s s in g  b a n d .
  T h e  w a v e le t  d e c o m p o s it io n  a n d  n o is e  r e d u c tio n
a lg o r i th m  w e r e  c o d e d  in  M AT L A B  a n d  C + + . T h e n

it  a p p lie d  to  f i v e  e x a m p le s  in  o r d e r  to  d e m o n s tra te
th e  e ffe c tiv e n e s s  o f  th e  m e th o d . A  th r e e - le v e l
d is c r e te  w a v e le t  d e c o m p o s it i o n  w a s  p e r f o r m e d  o n
th e  e c h o c a r d io g ra p h ic  im a g e  a n d  lo c a l  th r e s h o ld in g
w a s  a p p lie d  to  th e  w a v e le t  c o e ffic ie n ts  o n  th e  th r e e
fin e s t  s c a le  le v e ls . T h e n  to  d e te c t  a n d  e l im in a te  th e
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s p e c k le  n o is e  lo c a lly  a t e a c h  s c a le  le v e l  b e f o r e
r e c o n s tru c tin g . M e a s u r e s  th a t  h a v e  b e e n  p r o p o s e d
to  d e t e r m in e  th e  a m o u n t o f  s p e c k le  p r e s e n t  w ith in
a n  im a g e  in c lu d e  th e  c o n tra s t to  s p e c k le  n o is e  ra t io
(C S R )  o f  P a tter s o n  a n d  F o s te r, in tro d u c e d  a s  a n
a tte m p t to  q u a n tify  th e  a b il ity  o f  a n  o b s e r v e r  to
p e rc e iv e  a n e c h o ic  a r e a s a g a in s t  a  b a c k g ro u n d  o f
s p e c k le .  I t m e a s u r e s  th e  im a g e  c o n tra st  o f
c y lin d r ic a l  v o id s  in  a  ra n d o m  s c a tte r in g  m e d iu m
rela tiv e  to  th e  c o n tra s t f lu c tu a tio n  d u e  to  s p e c k le
a n d  is  g iv e n  b y

W h e r e  X i,  a n d  s q u a r e s ig m a  i  r e s p e c tiv e ly,  a r e  th e
a v e ra g e  s ig n a l v a lu e  a n d  th e  v a r ia n c e  in s id e  th e
v o id  a n d  X o  a n d  s q u a r e  s ig m a  o  a r e  th o s e  o u ts id e
th e  r e g io n .  T h e n  w e  c a lc u la te  th e  C R S  in  o rd e r  to
c o m p a re  p r o p o s e d  f i l ter in g  m e th o d  to  w ie n e r
fi l ter in g .  T h o s e  r e s u lts  a r e  p r e s e n te d  Ta b le .1 .

S o m e  e x a m p le s  o f  im a g e  p r o c e s s in g  a r e
p r e s e n te d .

  F ig u re  2 . O r ig in a l im a g e  (E c h o c a rd io g ra p h ic
im a g e )

F ig u re  3 . R e s u lt  o f  p r o p o s e d  fi l ter in g

          V.  C O N C L U S IO N

  In  th is  p a p e r, w e  a p p ly  a  n o n lin e a r  w a v e le t
a lg o r i th m  to  e c h o c a r d io g r a p h ic  im a g e s  in  o r d e r  to
e n h a n c e  th e  d e te c tio n  o f  th e s e  b o u n d a r ie s .  T h e
p ro p o s e d  w a v e le t  f i lte r  is  s u p e r io r  to  th e  W ie n e r
fi l ter  b e c a u s e  o f  i ts  e d g e  a n d  fe a tu r e - s e n s it i v e
s e le c tiv i t y  in  p a s s in g  c e r ta in  h ig h - fr e q u e n c y  d a ta .
  W e  h a v e  te s te d  t h e  te c h n iq u e  o n  s e v e r a l r e a l
u ltra s o u n d  m e d ic a l  im a g e s .  I t is  f o u n d  th a t th e
te c h n iq u e  c a n  r e d u c e  n o is e  c o n te n ts  in  s ig n a ls  a n d
im a g e s  a t m o s t  e d g e s .  A r tifa c ts  th a t a ro s e  fro m  th e
fi l tra t io n  a r e  v e ry  s m a ll  a n d  lo c a l . W e  h a v e
c o m p a re d  th e  p e r fo r m a n c e  o f  t h e  te c h n iq u e  to  th a t
o f  th e  w ie n e r  f il te r  a n d  fo u n d  i t to  b e  s u p e r io r.

 Ta b le  1 .  C S R  o f b o th  W ie n e r  a n d  p ro p o s e d  fi l te r

I m a g e  ty p e
 W ie n e r
 F il ter in g

P ro p o s e d
A lg o r i th m

Te s t  im a g e
   #  1     4 .7 1 2     4 .9 3 2

Te s t  im a g e
   #  2

    6 .0 4 1     7 .4 4 2

Te s t  im a g e
   #  3

    6 .5 6 9     8 .0 1 7

Te s t  im a g e
   #  4

    4 .8 3 2     5 .6 7 7

Te s t  im a g e
   #  5

    5 .0 0 8     6 .3 2 0

              <  R E F E R E N C E  >
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